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Computational Fluid Dynamic (CFD) Analysis of Axisymmetric
Plume and Base Flow of a Film/Dump Cooled Rocket Nozzle
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Film/dump cooling a rocket nozzle with fuel rich gas, as in the National Launch System
(NLS) Space Transportation Main Engine (STME), adds potential complexities for
integrating the engine with the vehicle. The chief concern is that once the film coolant
is exhausted from the nozzle, conditions may exist during flight for the fuel-rich film
gases to be recirculated to the vehicle base region. The result could be significantly
higher base temperatures than would be expected from a regeneratively cooled
nozzle.

CFD analyses were conduced to augment classical scaling techniques for vehicle
base environments. The FDNS code with finite rate chemistry was used to simulate a
single, axisymmetric STME plume and the NLS base area. Parallel calculations were
made of the Saturn V S-1C/F1 plume base area flows. The objective was to
characterize the plumeffreestream shear layer for both vehicles as inputs for scaling
the S-C/F1 flight data to NLS/STME conditions. The code was validated on high
speed flows with relevant physics. This paper contains the calculations for the
NLS/STME plume for the baseline nozzle and a modified nozzle. The modified nozzle
was intended to reduce the fuel available for recirculation to the vehicle base region.
Plumes for both nozzles were calculated at 10kFT and 50kFT.

HE W NOT FRIGED 1457 &PAGE ’ 45_ INTENTIONALLY BLANK




*ou] ‘ABojouyoa) dripleas
ISIeM Jj8S

¢€QI/QISKH
1e)ony ALY

31ZZON d310090 dNNA/WI4 V 40
ASvd ® 3NNTd JIHLIININASIXY 40O SISATYNY a4

uojilensippyY eoeds
pUB §9))NBU0IBY [BUO| BN

VSV

1458



sniejs -

uosiedwo) payipon/eulieseg YOS -
uospedwo) IMOS/HN0L -

sjinsay uojbey aseg pue swnjd JWLS/STIN

S}|Nsay ¢
yoeouddy -

oA1109[qO »

M3IIAH3A0

uopesisiujwpy eceds
pue sojineuoJey jeuolieN

VSV

1459



SMOJ} 8seq xejdwo)) --
sawn|d Buyoeasy --
SMO|} 8jzzou Bupoesy --
10} Ayjiqedeo asnoy-uj yueoyjubis dojana(

elep b} uinjeg Buijess Joj O |-g 0} uosuedwos) --
sewayos dwnp ejeusaye jo uosuedwor) --
9|ZZOU JO WEeaJ}SMUOP 8OUE}SIP JO UOHOUN} B SY »
epNY}jE JO UOHOUN) B SY «
sjuaipesb sahe| Jeays jo uosuedwon) --
S}Nsay -

opnijjje Jo uojjouny e se smoj} aseq/ewnid JWLS/SIN olelausy)

S3AILLO3ArdO

uopesisjuiwpy eoedg
pue SojiNeuoIaY [BUOHEN

s}insaYy uojbay aseq pue swnid FNLS/SIN <m’\2

1460



oS --
Mot -~
sopniniy -
Joyoelu) Aewpd oy peaow dwing »
1xe je dwnp ON .
ewnjd/ejzzou payIpon --

(suonoee. g 'sejoeds /) ejes eyul -- ewn|d/ejzzou euljeseg --

uszoid -- suojlipuoy -
>.=m_ wayo Ajeresredes auop suoije|nojeo 8|zzoN --
wijod Aiojoslen; ye ANoojeA -- JWLS J8ino Jo |apow oujewwAsixe/q-g -
jueaseiny -- .eseg ebejg g°L SN --
weal}saal e Ajyowoay) »
HOVOHddV

uofiesisjujupy esedg
pUB SOINBUOJIBY |BUOjIEN

s}jnsey uo|bay aseg pue awin|d INLS/STIN <m<2

1461



(KM YXXEIXLS}

PUD 105

i
BEBESS
E
- 1
‘eI ERREL:
411
= e b
o i 1 ba o 8
oy
|I|I‘l|vl!|.
oo by
-1-+1-t-11° L1 )4
by o
HeEEEEA T g
..... 08 o e o e o
HEREEE CEELT

PHD IM0L

s)nsay uoifiey aseq pue swnid JNLS/STIN

SL1Nns3y

uonens|ujwpy eoedg
pue s9{INBU0IY |BUOHIBN

VSV

1462



y-Velocity - ft/sec

0001 -—powre
008-
000-
oop-

go0e-

Mach Number

sy ~ -..__u-c,

091 Ov} OZI 0C) 08 OO OF OZ O

-

* 2 L

AT vy v LaE BAE RARI
e
e
o
o

LHipojap L co -

HPOPA-X e

o
FERL NN AEE A NEE

1 .12

oo

seyou; ~ snpwy

001 OV} OZ) 00} 08 OO OF 0OZ O

031114 werey PP <J.. rrrTTT]
- / \w -M
1 4
N . ,’ \ ]
4 o % "
c :
U...i—...x—E..Z oy —e—1]__ |
Q-H —o.:-.o.._".l ]
e .

§E 8§ R
sesl ~ AUd0ieA-X

, seyou) ~ . enipey
e.—ga-e«-ee.oce.ovo«e

01 T VPP T T T T Y 90000
3
£ oogeeseqescdecse . ]
5 3 1
2 000)7 50009
g 008}
' OQONm —..::-..&E..—. 01000
g 008z [iwweq —o— ‘ ]
B go0¢- } siooe
g 3
€ oosc
” Jrooeqeooeeasepece
000 ¥~ 1 ozoce
seyouy ~ enjpey
001 ObL OZL 00OL 08 09 OV OT O
el J “’I’l A ek Jul 0l Ll g rvyyw .o.
1
1
revvorervoorsrf-sssovtnmente fosmiotoomsin frmmscssier re
a1 —— 1
-1 BN RO =@ o , »o
HO ==t O e A
~f{~ ] o
Sss s - { ve
/fuunnnnu
[ ] §

(L = 4/x) wealisasl JuUadse|ny - mo|4 Bujjoeay sujjeseqd 1oL

S11NS3d

u nossBns - Aysueg

uopovid

1463

sjinsay uolbay aseq pue swn|d JNLS/STIN

uojlensjujpy ededs

pue soineuoiey |BuolieN

VSV



(Ju0ISRING) wWoi4 Buj)desy (Jueoseind) noj 3 Buj)deey
1105 - sujjeseg §N HiN0S - sujleseg §IN
unjyons y ssey zZy (Y4 Bep) eunjuaodue)

i
i x_m—...h.
; .“_“:m
S
-Heg
i
)
el
0
w ANOD
_..:ouua:.c. noj 4 Buyyooey (JuadseInh) mnolj Buj)duey
1901 - Bujjeseg 5N 0L - eujjeseg §IN
uQ) 0L 4 SRRy ZH (4 Gep) asnjosedus)
uojesasiviwpy eoceds
pue 82INBUOJEY [RUOHBN

siinsay uojbay eseg pue awn|d JW.LS/STIN <m/\2

1464



000} -

y-Velocity - ft/sec

Temperature -~ deg Rankine

ssyou| —<en|pey

091 OV} OZI OO} 08 OO OF OF O

vy

T

~

223 1 12

seyou ~ enpey
‘091 ObL OZL 0O0F 09 00 OV OF

° LA TYTVvV]jsyvyvevyvvvey L2 2 BN B0 BN 2N J

008

s

e

0001

4

] — sinjessduin] —e—

009 1]

e - caane

_ L —e—

0002~

-

,
00923
o

-

000¢-]
-y

L PYYveN

-

3
00s¢C

sesnly -~ Auootepx

Mach Number

— .. 88Y3U]_~ BNIPEY

0p) OFVL OZ) O0OL OO0 O8 AF OO 0
Oﬂi‘} 2 -7 L2 N BARE MEME 51 .
] ]
b | : B
1 e {w 3
= ¢
N [
. 00¢ s
n!“ / ] '
o] SR 2 [ 1]
[ oqany yoom —— ; R
v *.53!&* [ S P . 00p
0 - osp
seysu] ~ snpey
o8t OpL OTL OOL O OO0 OF OF 0
S peppatpaptepes GI90spe00epeseny 00
4]
- “ =
E 10 = (7] m
N vapee O} —— .1; -
110 mnbmme D e | ve w
L =
EREY| .
[ ]
. 1
\ ]
1]

(L = H/X) weenseal uaase|ny - Mol Buloeay PelIPON YN0S

sjinsey uojfay eseq pue swn|d JWLS/STIN

S11NS3H

uojlessjupwpy soBdg
pue 64INBUOJOY (BUOJIEN

VSV

1465



- -
..\t‘.!‘l!‘lil‘\.\&\.
(JuR38BINY) wo) 4 Buj)aeey (luedseind) woij Buj)aeey
NS - PRTSIPON SN 1905 - PeIjIpPON §IN
uaj joea 4 ssON OZH U0 004§ Ssuy Bo
NOD
(JumaseIng) woi4 Bujyoeaey (3Iu8388inD) mnol j Bujjdeey
HA0S - eujjesvg SN HADS - eujjaseg 5N
WO 3004 § SSOY OZH U000 4 SS0H HO
uoliessivjwpy eoedg

s}|nsoy uojbey aseg pue awn|d JWLS/STIN PUB SO{INEU0JBY [BUOJEN

VSV

-

QF PGOUR QUALITYY

2

TH

Roned

s

™

1466



-

GMd DNIXOOT M3IIA

ONIHIVd

NMOHS
41ON QT18IHS
1vaH asvd
{510N

v¥-¥ NOILOAS

qvilvoa

= e
g <

esegd obeis 'L STIN

siinsoy uo|fiay aseq pue awn|d INLS/STIN

HOVOHddV

uojiensjujwpy eoedg
pue §9jjneuU0.IeY |BUOHEN

VSVN

1467



> 5 |
| [ S iy Mg o S At SN BOEY | 7
' y 4 | | B Sy |
—J - o~ e f e d e ], ] I L 1 ]
e -r
i gt
B ke &
-
o gt s haat a—
. .
gl
—
~..%-v);.\llvl\l‘
| rasnert
o S
J—
. ilbr..!...\ ——
! _ -t
-14-1-1+1" |t
=
,.Lll.l ll.t-\\v\.\\
g P —s
11441 \‘I\v\ﬂl\
N ey
-r H.\.u“““
B o et Pl

PO ©]2zO0N JNLS

HOVOUddV

uopessjujwpy esedg
pue BojinBuUO.BY (BUO|IEN

s nsoy uojfiay aseq pue awn|d INLS/SIN <m’\2

1468



'purY
‘0949
174 %]
*UBES
‘mes
‘oS
‘U9ss
1T42
082S
‘oS
"UoNS
RiEE
R4
Tuul
NLARS

——
f/
cocoCcEeTREESESRER

e |

NUIMR
puce
‘UL
‘oBre
‘ovoe
‘uii6e
‘U9l
R174:T4
‘uuré
Inee
“Hce
[1H1114
AN
‘ool
‘oral
‘oSt
"OYEl
. i git24)
i o
‘ove
HHd W 930 00°L 0°ooe
HIWH nu ) 51303 1 BIWINGD

cweocEcoDRETETECcERESECCET

31220N INI3SYE
JUNLUYISNIL

uojiesisiujwpy ededs

s}insay uo|fey aseg pue awn|d JNLS/SIN puB SOINEUOIOY [BUOEN

VSVN

1469



weoassaasg/Bupoeoy weosnsees4/Bupdesy
Wweoensassj/uazol4 WesJ1500.4/udzouy
Pelipon peyipon
u82s3ND /Bupoedy UddseINd) /Bupdesy
UadsaINY /uUaz0. 4 1U82sBIND /usZ044
wios oL
weesyseas4/Bupioeay Wweosse8.14/6upyoesy
weeJ)seesj/uezolyg wieasse09.4/uezol4
. sujeseq suyeseg
U2seINY/Bupdesy udseIND/Bupoesy
WBdseinb/usz0Iy UddseIND /UBZOLY
SISV0 ISVHEZIRMT
6upoeay Bupoesy
PaupoN suyeseq
uazol4 udz014
SASVO I1220N

HOVOHddY

uopesiuwpy eocedsg
SHnsaY Uo|boy ased pue swnid JNLS/STN  P° Moy euoeN

VSV

1470



ftisec

y-Velocity

ssyouj ~ snjpwy " seyou) ~ snpey

Temperature - deg Rankine

09} okt 0Z) GO} 08 OB OF OT O . 001 O} OT) O0) O 09 OFP OT 0
000}~ ) rrYerTrrrrTrry 0 OM}} rrTTerTYTT) 051
- o . { 1
] . . ]
" 000T 3
0-] R 1 ooz
v 1 M ' N | ]
o 000F Jeeseshe ]
0001 5 m u“ - ] %¢ w.
. 0 - , b
: ®E 2 ] - ] §
0002-}| >0y ~ hipropp-£ —o— . - ]
3| 200/ - hipopax —e—|’ oo % ¢ ] '
000C-] oot & - “.— QUINN YR —e— | I 1 0s€ :
] : . _-on..o..:ou!._..ltl.. ! , 1 =
000V-] 0 . % o0F
0009- g 1 o5y
sayou) ~ enjpey ssyou] ~ snipsy
08) OFi OZI) COL O8 00 OV OT O 09} OFL OZ1 00L O OB OF O O
°J L et an e o 2 G AN AR AN AR AL S AN AR R 2R AN ARAN AR 2B SAE AR S0 NA.S8 48 § 00000 bt 2 bl S 4 A 20 et A A 2 os
00g-{ . “‘ ]
: ] vooce _W MAAE Mty , e
000} ]
-} . 1 3
| smiwsadwoy —e— . \.m [ p—— 1 s
0094 - N — o211 —o— |- {1 vo 8
] _AU8UG e woro | L Al ] n
ooo«m W ] -2 1 5o uu..
o
6082 g Jz ] ¢000'0 mm , ’ 1 v 3
oooa.m. \ 3 - ] ’ J
oogg-i- 1 voore 2 o1

(L = H/X) weadlsaald Juadsainp - moj4 Bupoeay eujjeseg YOS
SL 34

uopessiujwpy eoeds

synsoy uo|Bay aseg pue awn|d JWLS/STN ' x ypem  zes b

VSVN

1471



seyou) ~ mnjpey selou) ~ snjpuy

-~081-00) OZ) 00} 08 OB OF OF O . 00l Oyl OTL 0OL OB OO OV OZ O
OOO.-... B”i]’ vy 061
0- : - 1 ooz
m_. o] ....A &« ]
s i ) e — v
£ 0001 m. m . - ost m
I g i \ 1w &
o 0002 2087y ~ hypopap-4 N — ] o 3
- - o ke | -
.w .m 208/1) ~ QiPOPA-X —a— ' ,m c v.“ ’ i....... : ,
% 000¢C- m =3 w_._!-:-—z WU e | | m 0s¢ i
> . o | pd = ssnssasg e =
> o00v-] vl — oor
u -y
000s 9 [ 14
seyou) ~ -snjpey seyou ~ snjpey
0Bl oKl OZ1 0Ol 00 08 OV 0Z O 091 Ori OZTt 00L 08 OO OF O 0
0 T T T YT T T T YT TrTTTT] | 0000°0 S PAOTUsPepaetepep ““IJII!‘II] 00
I IO ] ]
2 oo™ J oo " ,
;] ] O g :
& 7 10000 3 [SRENS berws A 1%
0001 = A ] @ ] -
by A asmwsadwag —a— 1 g 10— { ¥
009} h ' UN el o e | - o “w
' R — L L S 1 2000 ' L) a1 —e- # ]
: , » m
& 000Z-] , f)/ : 2 : )
2 3 | ) Q9 1% =2
g = . ' J o
g oen«m ! ] 0000 m. —var l-\ i1 a
m 000¢-] . l\ _ ..lx_.l..“ = I
, 1
Jeoeoepessecdocecees : T :
008t = 10000 [ §
:. = E\XV weadlsaal jusdseiny - mojq m:_“oawm aujjeseg Mos
uofessjupupy eoeds

Synsay uo|Bey eseq pue swin|d JNLS/STN Do Hneuosey iuoen

VSVN

1472



UaAe Jnoqe s} opjel 8]qIISNQLIO)  8]ZZOU JO WEaNSUMOPp SNipel | JB e
lohe| leays
JINLS/STIN Ui (132 "xoidde) sajqnsnquiod elow 8]Zzou JO WessSUMOp SN|pel g/ 18
:@)e0|pul sepninie ybiy Je suopenojes Aieujwjjeld

L4/9-1S 0} uospiedwod @ sisAjeue 1o} ££Q3 O} PeISAl[ep elom gjuejpe.B 10/u| Jeeys «

ewn|d ajzzou sujjeseq jo weensdn Apybjis 81n020 vjZZOU pajjipowt ey wolj Bujuing Johej Jesys

1473

sapnijije ‘_a:m_\: 18 WeaSUMOp JaLiin} s1ndoo Buping sefe| Jeeys «

sesuo ||e 1o} Jeke| Jeays ewnjd uj pejgiyxe Bujuing »

110G pue YN0 10} e1ejdwod ewnid JWLS JO SUONIEINDJBD 818 B3|u}) '@ USZOI o

AHYIWINNS/SNLY LS

uofiessjupupy sovdg
puB 89{INBLO0IAY |BUOJIBN

VSV



"



